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1 Assumptions

We use a finite analysis program (FreeFem++) to study the effect of an
assumed positive ion distribution on Long Bo’s potential and electric field
within the TPC. A number of assumptions are made to carry out this calcu-
lation. We assume:

• A minimally ionizing cosmic muon produces 50,000 electrons/cm in
LAr.

• The cosmic rate is 1/(min cm2).

• Positive ions move at a rate of 0.5 cm/s.

• The relative permittivity of LAr is 1.6.

• The radius of Long Bo is 12.5 cm and length is 200 cm.

To compute the charge distribution, we assume a steady state is reached after
400 seconds, so

〈ρ(z)〉 =
1

60 sec cm2
· 400 sec · 50, 000 e

cm
· 1.6× 10−19 C

1 e
= 5.33× 10−14 C/cm3

Then, if we assume a linear charge distribution in z, we have

ρ(z) = 2〈ρ(z)〉
(

1− z

L

)
Then

∇2φ =
ρ

ε

=
2〈ρ(z)〉

(
1− z

L

)
ε

and

〈ρ(z)〉 = 5.33× 10−14 C

cm3

ε = 1.42× 10−13 C

V cm
so

∇2φ = 0.75 · (1− z

L
) · V

cm2
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IsoValue
-0.0394737
0.0197368
0.0592105
0.0986842
0.138158
0.177632
0.217105
0.256579
0.296053
0.335526
0.375
0.414474
0.453947
0.493421
0.532895
0.572368
0.611842
0.651316
0.690789
0.789474

Figure 1: Assumed charge distribution over the permitivity (V/cm2).
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(a) No positive charge density
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(b) Including posititve charge density

Figure 2: Potential (V).
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(a) No positive charge density
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(b) Including posititve charge density

Figure 3: Electric field in the r direction (V/cm).
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(a) No positive charge density
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(b) Including posititve charge density

Figure 4: Electric field in the z direction (V/cm).
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(a) No positive charge density
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(b) Including posititve charge density

Figure 5: Electric field (V/cm).
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